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Effect of Slewinq on the Frequency Spectrum
of a Laser Beam in a Turbulent Medium I

1. INMJTVWOIJlOT

In thLs report. we study the effect of slewing on the temporal frequency spec-
trum of the scintillations of a laser beam propagating through a turbulent medium.

We shall assume that the turbulent medium is characterized by the index of
refraction

iT  ~n(r, t)0 nl(Qrt) 11

where the fluctuation n, << 1. It is further assumed that nI varies aufficiently(~slowly in comparison with the time required for the signal traversal.

2. SLEVING LASER BEAM ANALYSS

Let us consider a laser beam propagating in the x direction in a turbulent

medium which, in the absence of any slowing of the beam, has a transverse wind

velocity given by V(x). If we assume that the flow of the turbulence is frozen, so
that the medium doesn't change within the time of the signal propagation through

it-except for the shift due to the wind-it is easily seen that

(RMceived for publication 7 May 1 975)
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Now let us suppose that the beam to slewed at a constant angular rate we. Then
in a cordinate system moving with the slewing beam, it appears that the tur-

- .5 bulont eddies are moving relative to the beam with a trozwvorse velocity

Vs aV(xd am 0+ W a% (3)
where is defined In Figure I and w is positive when the beam Is slowing in a

direction oppoe t to that of the ambient wind. In this case. tar a coordinate
system moving with the slowing beam we have

' ' n,(re 0) n, nz - vet, 0). )

The electric field in a coordinate system moving with the sleowing beam can
be written quite generally as

E (r., t) -A oeX(, t) + is(_ t (5)

where X is the logarithm of the amplitude. S is the phase fluctuation, and A IS a
determinate quantity, which Is independent of the turbulent fluctuations. The

x

I i I

I Figure 1. Geometry of a Slowing
Laser BeamII,I *1
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correlation functions BX (rl. !:2. v),(r1. L of the log amplitude and phase
fluctuations are defined as

B. (-r, L2. ,) X LEV(_ t) X 4:2- t ,l ( 6)

and

where ( ) denotes an ensemble average. We assume that the transmitter field
at x - 0 is given by (collimated beam)

-2 /W2
(x - 0,P a a 08

where z (y. ) . It can then be show- that for a point located at the center of
the beam at a distance x a L from 3 transmitter, the correlation functions x
and Ba are given by

fL/

where the upper signs are for B x and the lower for B5 . Also

IH: k: f e)p - k,

H _k 2 e x p -( -21 K

~I + oil Ln

Yl I+C,

a (Ln

-----7- 9

2. Lyi

S I. Ishimaru, A. (1969) Fluctuations of a focused beam wave for atmospheric
turbulence probing, Proc. IEEE 57:407-414.
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F A *Signal wavelength.

k alt/A.

The fuaction 04) is the wavenumber spectrum of, the lndez-of-retracttoa fueata
tiona and is given by

0.033 Cap W0)#60. - - (10)

where Lo is the outer scale size of the turbnlent eddies., 1o - t- is the inner
scale si of the eddies, ard C, is the index of refraction structure constant.

L. Equation (9) is valid only when the turbulence to weak. In particular, we require
that

We further require that L << a/we where c is the sped (4 light.

]By observing the result in Sq. (9) it in evident that for frosen-in turbulence,
the variance of the log-amplitude and phase fluctuations is independent of both the
windsped and the slowng rate,. That Is (X') - B (0) and (S3) -. (O) are
independent of v as ts seen by setting, a 0 in Eq. (9). The temporal frequncy
spectrum of th- Oluctuations, however, does depend on both the wind velocity and

the sewing rate. The temporal frequency spectra W (w) and W5 () are given by
x

V, () g B W,I s

If Eq. (9) is used in (11) we get, after pertorming the integration on -, and
assuming V(x) Is independent of position and that the turbulence Is homogeneous

q
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, vo

Equation (12) has been evaluated numerically fur the frequency spectra W (fl) and
Ws(M for a number of different values of the slewing parametar,Jr the results are

-: presented in Figures 2 and 3. We note, as expected, that the spectral width ofI

the amplitude and phase fluctuations increase as the slewing rate in the direction
opposite to the turbulent flow is increased. Therefore, even though slewing does

not affect the values of
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Figure 2. Temporal Frequency Spec- Figure 3. Temporal Frequency Spoc-
trum of the Amplitude Fluctuations at trum, of the Phase Fluctuations at the
the Center of a Laser Beam Propaga- Center of a Laser Beam Propagating
ting in !turbulence for the Case When in a Turbulent Medium for the Case
F - 10's ad a -j1. Note that -V in posi- When F- 10,7 and a - 1. Note that
tive wheth the beam is slowed in the -YLO positive when the beam is ulowed
direction opposite to V in the direction oppostte to V

and

it does affect the shape of W and W6.

10


